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Groundnut root rot is a complex disease affecting the crop production worldwide. The objectives of this 
study were to: (1) Assess the occurrence and distribution of groundnut root rot complex in four main 
groundnut-growing areas of eastern Ethiopia; (2) Identify the major pathogens associated with 
groundnut root rot complex; and (3) Determine the role of pathogens singly and in combination on root 
rot severity of groundnut under greenhouse conditions. A total of 240 groundnut fields were surveyed 
over two seasons, and 75% of the fields were infected with root rot complex. Mean percent disease 
prevalence and incidence were highest in Babile, followed by Gursum, while Darolebu had the lowest. 
Fusarium oxysporum (Fo) was the most common fungus isolated from infected groundnut roots, 
followed by Fusarium solani (Fs) and Rhizoctonia bataticola (Rb). Other fungi less frequently isolated 
included Sclerotium rolfsii (Sf) and Rhizoctonia solani (Rs). The pathogenicity test showed that all 
isolated fungi were pathogenic to groundnut, with Fs being the most virulent in causing root rot, 
followed by Rb and Fo, while Sr and Rs were less pathogenic. Disease severity was higher on plants co- 
inoculated with Fo, Fs and Ab than with either alone. The Fs, Fo and Rb were found to be the major 
causal fungi associated with groundnut root rot complex in eastern Ethiopia, with Fs being the most 
important and destructive pathogen in the complex and acted as synergistic pathogen with Fo and Rb; 
thus, breeding for resistance and management strategies should focus on these pathogens. 


Key words: Fusarium oxysporum, Fusarium solani, incidence, pathogenicity, pathogen interaction, prevalence, 
Rhizoctonia bataticola, severity. 


INTRODUCTION 


Groundnut (Arachis hypogaea L.), also known as peanut 
and belongs to the family Fabaceae (Nordern et al., 
1982; Hassuba et al., 2016), is an important food and 
oilseed crop grown worldwide, with an annual production 
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of 53.6 million tons (t) from an area of 31.6 million 
hectares (ha) in 2020 season (FAOSTAT, 2022). Africa 
and Asia account for about 95% of worldwide groundnut 
areas where it is grown under rainfed condition with little 
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agricultural inputs by resource-poor farmers (Janila et al., 
2013). In Ethiopia, groundnut is the second most 
important oilseed crop next to sesame, and largely 
produced in the eastern parts of the country (Amare et 
al., 2017). Its production was estimated at 205,069 tons 
from an area of about 113,515 ha with productivity of 1.8 
t ha’ in 2020 cropping season (FAOSTAT, 2022). 
Groundnut is an important source of cash income for 
farming families and generates foreign currencies for the 
country (Gezahagn, 2013). The crop contributes to 
nutrition of farmers through utilization of high energy- and 
protein-rich groundnut seeds, and also provides nutritious 
fodder/haulms to their livestock (Janila et al., 2013). 
Groundnut also has an important role in sustaining 
agricultural systems by improving soil fertility through 
biological nitrogen fixation, and crop yield thereby 
reducing reliance on inorganic fertilization (Ajeigbe et al., 
2014). 

Despite its considerable importance, the average yield 
of groundnut in Ethiopia is much lower than other 
groundnut-growing regions, such as China, Egypt, 
Indonesia and USA (FAOSTAT, 2022). This low yield is 
mainly due to several biotic and abiotic factors, which 
include critical moisture stress, lack of improved cultivars, 
low soil fertility content and poor crop management 
practices; and plant diseases infecting both the above 
and underground parts of the plants, and aflatoxin 
contamination which infect both the crop yield and quality 
in the field and at different levels from harvest to market 
in the value chain (Chala et al., 2014; Meresa and 
Tsehaye, 2020). Early leaf spot (caused by Cercospora 
arachidicola) and late leaf spot (caused by 
Cercosporidium personatum) and rust (caused by 
Puccinia arachidis) are the major foliar diseases of 
groundnut in eastern Ethiopia. Root rot complex is a 
common and growing problem for groundnut production 
worldwide. Several different soil-borne pathogens, 
including Fusarium solani, Fusarium oxysporum, 
Rhizoctonia solani, Sclerotium rolfsii, and Rhizoctonia 
bataticola (synonym = Macrophomina phaseolina) have 
been reported to be involved with groundnut root rot 
complex from various regions of the world (Atta-Alla et 
al., 2004; Mahmoud et al., 2006; Sharma et al., 2012; 
Mahmoud, 2015; Bodah, 2017). 

Groundnut root rot complex has received limited 
attention compared to foliar plant diseases, with most 
studies tending to focus on a single pathogen. The 
disease caused by two or more pathogens often is more 
severe and damaging than that induced by one pathogen 
because of their synergistic effects (Lamichhane and 
Venturi, 2015). This pathogen interaction influences 
disease intensity and plant growth (Porto et al., 2019; 
Sumbul and Mahmood, 2020). Depending on the 
pathogen(s) associated, common disease symptoms 
might include any combination of the following: damping- 
off, poor seedling establishment in field, irregular growth 
with poor stand, chlorosis, wilting and yellowing of leaves, 
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stunted plant growth, death of severely affected plants, 
reduced yield, quality and loss of crop. Affected plant 
roots are also reduced in sizes, discolored, and display 
different stages of decay and defoliation (de Jensen, 
2000; Rajamohan and Balabaskar, 2016). Root rots are 
greatly influenced by environmental condition, and is 
favored by low-and -high soil-moisture, drought stress, 
optimum temperatures for pathogens development, soil 
compactions, continuous monocropping and other 
different factors that contribute stresses to plants (Rojo et 
al., 2007; Rajamohan and Balabaskar, 2016; Bodah, 
2017). 

In recent years, groundnut root rot complex has 
become a major constraint to groundnut production in 
eastern Ethiopia, where the crop is intensively cultivated 
in the country. Its outbreaks negatively affected the 
livelihood of several small-scale farmers who totally 
depend on this crop as a major source of food and cash 
income (Tarekegn et al., 2007). Fusarium species as 
major and occasional association of R. bataticola and S. 
rolfsii with root rot affected groundnut was reported 
(Tarekegn et al., 2007). However, this fact was based on 
limited research data conducted before a decade and 
was insufficient to develop an integrated management 
strategy for eastern Ethiopia groundnut root rot complex. 
Efforts in groundnut breeding for root rot resistance will 
be strengthen if the composition and relative importance 
of involved pathogens are _ well documented. 
Furthermore, an understanding of the interaction between 
the pathogens associated in the root rot complex is 
necessary to develop effective management strategies. 

Therefore, the specific objectives of the present study 
were to: (1) assess the occurrence and distribution of 
groundnut root rot complex in main groundnut-growing 
areas of eastern Ethiopia; (2) identify the major 
pathogens associated with the groundnut root rot 
complex; and (3) determine the role of pathogens singly 
and in combination on root rot severity of groundnut 
under greenhouse condition. 


MATERIALS AND METHODS 
Description of field survey areas 


Two-year surveys were carried out in four main groundnut-growing 
areas of eastern Ethiopia during the 2014 and 2015 main cropping 
seasons. The four districts covered in the field surveys are found in 
two Administrative zones of Oromia Regional State: Babille, Fedis 
and Gursum districts are found in the East Hararghe zone, while 
Darolebu is found in the West Hararghe zone. These areas were 
selected because they are the main areas of groundnut cultivation 
in eastern Ethiopia as well in the country (CSA, 2017). East 
Hararghe zone is geographically located between 7°30’-9°45’N 
latitude and 41°10’-42°50’E longitude, with an elevation ranging 
from 500 to 3040 m above sea level (m.a.s.l.) (Tadesse et al., 
2014), whereas West Hararghe is located between 7°32’-9°47'N 
latitude and 41°24’-43°48’E longitude, with an elevation ranging 
from 500 to 3500 m.a.s.l. (Kassa et al., 2013). The characteristic 
features of the areas surveyed and their geographical locations are 
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Table 1. Characteristics of the surveyed groundnut fields for distribution of root rot complex in four districts of East and West Hararghe 
Zones of eastern Ethiopia during 2014 and 2015 main cropping seasons. 


District ear Total rainfall (mm) 

2014 2015 
Babile 950-2000 596 446.2 
Gursum 1200-2950 791.9 609.1 
Fedis 500-2100 845 665.1 
Darolebu 1350-2450 1037.2 580.7 


Mean minimum temperature 


Mean maximum temperature 


(°C) (°C) 
2014 2015 2014 2015 
15.2 18.8 30.8 32.5 
14.0 14.2 24.5 25.3 
13.2 12.8 30.6 31.5 
15.7 16.3 27.4 28.8 


Source: District Agricultural Offices and National Meteorological Service Agency (2014, 2015). 


depicted in Table 1 and Figure 1. 


Field sampling and groundnut root rot complex disease 
assessment 


A total of 240 groundnut fields (30 fields per district in each season) 
were surveyed over the 2014 and 2015 main cropping seasons. 
Based on the importance of the crop and root rot problems, 3 
representative farmers’ administrations (FAs) were selected from 
each district. In each FA, 10 farmers’ groundnut fields selected at 
random were surveyed for detailed assessment of root rot complex. 
During both year field surveys, groundnut fields were sampled 
randomly at intervals of about 3 to 10 km along the main and 
accessible rural roads and distance between the fields depended 
on the relative importance of groundnut cultivation in every district. 
From each field, five quadrats (1.5 m x 1.5 m) were randomly 
sampled for groundnut root rot complex disease assessment by 
making a diagonal move in the field. Disease prevalence was 
recorded as the percentage of root rot affected groundnut fields, 
whereas disease incidence was assessed as the percentage of 
groundnut plants showing typical root rot symptoms in each 
quadrat, and means of 5 quadrats were calculated for each field in 
each district. The following formulae were used to calculate the 
percentage of disease prevalence and disease incidence: 


oi \ (%) = Fields with root rot symptoms em 
nee enn ~ Total no.of fields assessed 


: No. of root rot affected plants per quadrat 
Disease incidence (%) = : x 100 
Total no.of plants assessed in the quadrat 


From each field, three to four randomly selected diseased plants 
were collected for isolations and identification of associated 
pathogen(s) in the laboratory. Sampling of diseased plants was 
done by uprooting the whole plant from the soil with the help of 
spade. Effort was made to take out the entire plant root system by 
digging the roots carefully. After excising the aerial portion, the 
roots were placed in polyethylene bags and labeled properly. All 
labeled bags were tied and stored in ice-cool-box to prevent from 
desiccation and other contamination, and then brought to the 
Haramaya University Plant Pathology Laboratory for processing 
and analyses. The root rot samples were kept at 4°C in a 
refrigerator until fungal isolations were performed. 


Pathogen isolation and identification 


Symptomatic plant root samples were carefully washed under 


running tap water to any attached organic debris and soil particles, 
and then cut into about 1 cm portions using a sterile scalpel. These 
root pieces were surface-sterilized in 3% sodium hypochlorite 
(NaOCl) solution for 3 min, rinsed 3 times in successive changes of 
sterile distilled water (SDW) to remove the residue of sodium 
hypochlorite, and then dried between sterile filter paper under a 
laminar flow hood. These dried root segments (5 pieces per plate) 
were then aseptically placed onto potato dextrose agar (PDA) 
medium amended with chloramphenicol (50 mg L”) in 90 mm Petri- 
dishes, incubated at 25+2°C for 3 to 7 days, and observed daily for 
any fungal growth. Fungal colonies emerging from plated root 
pieces were then individually subcultured onto new PDA plates, and 
purified with hyphal tip or single-spore transfer techniques. The 
organisms/isolates associated with the infected root rots were 
observed under the compound microscope. Fungi were then 
identified based on their cultural and morphological characteristics 
using laboratory manuals for identification keys (Burnett and 
Hunter, 2003). Then pure cultures of Fusarium spp. were further 
transferred onto carnation leaf agar (CLA) and identified to species 
levels (Nelson et al., 1983; Leslie and Summerell, 2006). 
Accordingly, five pathogenic fungal species were identified (Table 
3). The relative frequency of each fungal pathogen was calculated 
as the percentage of the total number of isolates of all species 
obtained in each cropping season. Pure cultures of selected fungal 
isolates were maintained by transferring onto PDA slants in test 
tubes and were kept at 4°C in a refrigerator for further studies 
(Chopada et al., 2015). 


Pathogenicity test 


To determine the pathogenicity of fungi recovered from symptomatic 
groundnut roots, pathogenicity tests were conducted using sorghum 
grain inoculum techniques with three randomly taken isolates of 
each of five fungal species recovered from infected groundnut roots 
in this study. Briefly, sorghum grains were water-soaked overnight, 
air-dried under room temperatures in a laminar flow hood, and then 
placed in 250 mL conical flasks. The mouth of every flask was 
plugged with a cotton wool, wrapped in aluminium foils, and 
autoclaved (at 121°C, 15 psi for 45 min) for two consecutive days. 
After cooling, the sorghum grains in the flasks were inoculated with 
three 5 mm mycelial plugs from actively growing 7-day old cultures 
of each of the five fungal isolates (used as treatments) grown on 
PDA medium and incubated at 25+2°C for 15 days. All these flasks 
were shaken at alternate days for uniform colonization of the 
sorghum grains. Pathogen inoculum thus produced was used to 
infest steam-sterilized pot mixture of field soil, sand and farm yard 
manures in a ratio of 2:1:1 v/v. The soil infestation was done by 
mixing inoculum into the soil surface of each plastic pot (14 cm 
diameter x 18 cm height) at the rate of 5% w/w (Atta-Alla et al., 
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Figure 1. Map of Ethiopia and four surveyed districts for groundnut root rot complex in Oromia 
Regional State, eastern Ethiopia, during 2014 and 2015 main cropping seasons. 


Source: Authors 


2004). The same amount of sterilized sorghum grains was added to 
other plastic pots to serve as a control check. Pathogen infested 
pots were watered and kept for 7 days before planting groundnut 
seeds, variety Oldhale, to ensure pathogen development 
(Mahmoud et al., 2013). 

Apparently healthy looking seeds of local groundnut variety 
‘Oldhale’, which is commonly produced by the farmers and 
susceptible to root rots (Tarekegn et al., 2007), were surface 
sterilized (Atta-Alla et al., 2004), and planted in pots filled with 


pathogen infested soil-mixture and the control at the rate of five 
seeds per pot. After emergence, two seedlings were removed to 
maintain three plants per pot. The pots were maintained in 
greenhouse at temperatures varying from 21 to 30°C under natural 
light condition. The treatments with the five fungal isolates in the 
infested soils in pots in the greenhouse were arranged in a 
completely randomized design with three replicates of each isolate, 
and the experiment was repeated once. The pots were watered as 
needed, and plants in each pot were assessed for root rot symptom 
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development. Observations were also made frequently for the 
appearance and development of root rot symptoms. 

Then eight weeks after planting, groundnut plants were removed 
from each pot, washed and rated for disease severity using a 0 to 5 
root rot disease scale (Naseri, 2008) based on the percentage of 
plant root tissue with discoloration, lesion, or rots: 0 = no visible root 
symptoms; 1 = light discoloration or 1-10% covered with lesion; 2 = 
heavy discoloration, 10-25% covered with lesion, or light rot; 3 = 25- 
50% covered with lesion or rot; 4 = 50-75% covered with lesion or 
rot; and 5 = 75-100% rot and plants dead. The disease severity 
scores were then converted into severity index (SI) for analysis 
using the following formula (Wheeler, 1969): 


Sum of numerical ratings 


SI x 100 


Number of plants scored x maximum score on scale 


Each tested species of fungi was considered to be pathogenic 
when its inoculation to groundnut seedlings under greenhouse 
resulted in at least one diseased plant with typical root rot 
symptoms. To fulfill Koch’s postulates, fifteen randomly taken root 
pieces from the three replicated pots of every pathogen treatment 
were surface-disinfected (in 3% sodium hypochlorite solution for 3 
min), rinsed 3 times in sterile distilled water, blotted dry, and then 
plated on PDA to check for the occurrence of the tested fungal 
species in root rot infected tissues. The plates were incubated at 
25+2°C for 3 to 7 days, and their cultural and morphological 
features were recorded and compared with the original fungal 
isolates of each pathogen. 


Pathogen interaction 


Pathogen interaction experiment was carried out in the greenhouse 
to test the synergistic or antagonistic effect of the three commonly 
isolated fungal species on groundnut using sorghum grain inoculum 
technique as described above in the pathogenicity tests. The 
following fungal pathogens and their combinations were used in this 
study: (1) F. oxysporum (#Fo-20); (2) F. solani (#Fs-15); (3) R. 
bataticola (#Rb-10); (4) F. oxysporum (Fo) + F. solani (Fs); (5) F. 
oxysporum (Fo) + FR. bataticola (Rb); (6) F. solani (Fs) + R. 
bataticola (Rb); (7) F. oxysporum (Fo) + F. solani (Fs) + R. 
bataticola (Rb); and (8) Control (sterile sorghum grains only). Seeds 
of a local groundnut variety ‘Oldhale’, which is susceptible to 
different root rot pathogens, were surface-sterilized (Atta-Alla et al., 
2004), and planted in plastic pots filled with pathogen infested soil 
mixture as described earlier. The pots containing the treatments 
were arranged in the greenhouse in a completely randomized 
design with three replications, and the trial was repeated once. 
Fifteen randomly taken root pieces from the three replicated pots of 
every pathogen treatment were surface-disinfected (in 3% sodium 
hypochlorite solution for 3 min), rinsed 3 times in changed sterile 
distilled water, blotted dry, and plated into PDA to check, using 
compound microscope, for the occurrence of tested fungi in 
infected root tissues. 


Data analysis 


The disease prevalence and incidence data obtained from 
groundnut field surveys were analyzed with descriptive statistics 
(Gomez and Gomez, 1984). The disease data were statistically 
analyzed with the SAS software system (SAS Institute Inc., Cary, 
2004). Homogeneity of variance between repeated trials was 
tested with Levene’s test. The data of repeated trials were 
combined and analyzed with GLM procedures, when the variance 
error between repeated trials was homogeneous. Mean separation 
was performed with Fisher's protected least significance (LSD) test 
at 5% probability levels (Gomez and Gomez, 1984). 


RESULTS 


Occurrence and distribution of groundnut root rot 
complex 


Groundnut plants with root rot symptoms were found in 
75% of the fields inspected (Table 2). Groundnut in these 
fields displayed a number of disease symptoms, which 
could be assigned to the disorders typical for the root rot 
complex (Porch et al., 2014). The most prominent 
disease symptoms observed in these fields included 
yellowing and severe stunting of plants; discoloration and 
collapsing of outer leaves, which had discolored, rotted, 
and reduced root systems. The results indicate that 
disease prevalence and incidence symptoms differed 
among the four districts and between the two main 
cropping seasons. The highest (88.3%) mean disease 
prevalence value was computed for the Babile district, 
followed by Gursum (80.0%), and Fedis (71.7%), 
whereas Darolebu fields showed the lowest (60.0%) 
mean disease prevalence. The same trend was also 
detected with mean disease incidence, which ranged 
from 16.8% in Darolebu to 40.4% in Babile fields. 
Disease prevalence and incidence in 2015 were greater 
by 3-10 and 3-9%, respectively, than in 2014 cropping 
season (Table 2). 


Pathogens associated with groundnut root rot 
complex 


A total of 302 fungal isolates: 140 isolates in 2014 and 
162 isolates in 2015 main cropping seasons were 
recovered from diseased groundnut root samples 
collected in four districts of East and West Hararghe 
zones, eastern Ethiopia. Among these, five fungal 
species were identified based on their cultural and 
morphological characteristics (Table 3 and Figure 2). The 
most (82.1%) common or frequent pathogen isolated 
over the two main cropping seasons was F. oxysporum, 
followed by F. solani (27.5%), R. bataticola (21.9%), S. 
rolfsii (7.9%), and R. solani (4.0%). Except S. rolfsii and 
R. solani, all the three isolated fungal species were found 
in all four districts that were surveyed. The S. ro/fsii was 
isolated only less frequently from infected groundnut root 
samples collected from Babile, Fedis and Gursum 
districts, whereas FR. solani was isolated only from Babile 
and Fedis districts. Other fungi, such as Aspergillus, 
Penicillium, Trichoderma, and unidentified species were 
also recovered at very low rates, so they were presented 
as a group of “other fungi” (Table 3). 


Pathogenicity test 
Test for homogeneity of variance for the two trials was 


not significant (P = 0.8847); hence, the disease data for 
the two repeated trials were combined for analyses. 
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Table 2. Distribution and incidence of groundnut root rot complex in four districts in eastern Ethiopia 
during the 2014 and 2015 main cropping seasons. 


District Year *Disease prevalence Disease incidence 
(%) (% + SE) 
2014 83.3 36.5 + 3.6 
Babile 2015 93.3 44.34+2.7 
Mean 88.3 40.4+2.3 
2014 56.7 15.14+2.7 
Darolebu 2015 63.3 18.5428 
Mean 60.0 16.8+1.9 
2014 70.0 23.2 +3.3 
Fedis 2015 73.3 27.3 +3.6 
Mean 71.7 25.2+2.4 
2014 76.7 26.6 + 3.2 
Gursum 2015 83.3 35.8 + 3.7 
Mean 80.0 31.2+2.5 
Overall mean 2014 + 2015 75.0 28.4 + 2.3 


*Disease prevalence was calculated as the percentage of affected groundnut fields in each district. ’Mean 
disease incidence per-field was calculated as the percentages of groundnut plants with root rot symptoms 
based on the total number of plants assessed in a field. 

Source: Authors 


Table 3. Frequency of distribution of pathogens associated with groundnut root rot complex in four districts in eastern Ethiopia, during 
the 2014 and 2015 main cropping seasons. 


Pathogen isolation frequency (%)' 
District Year g q y (%) 


Fo” Fs Rb Rs Sr Other groups 
2014 12.1 10.0 7.1 2.9 4.3 2.1 
Babile 2015 14.8 12.3 8.0 1.2 2.5 1.9 
Mean 13.5 11.2 7.6 2.1 3.4 2.0 
2014 4.3 5.0 5.0 - - 2.9 
Darolebu 2015 3.7 4.3 6.2 - - 0.6 
Mean 4.0 4.7 5.6 - - 1.8 
2014 6.4 6.4 3.6 2.1 2.9 0.7 
Fedis 2015 4.9 5.6 2.5 1.9 3.1 1.9 
Mean 5.7 6.0 3.1 2.0 3.0 1.3 
2014 7.9 5.0 5.0 - 2.1 1.4 
Gursum 2015 9.9 6.2 6.2 - 1.2 1.2 
Mean 8.9 5.6 5.6 - 1.7 1.3 
Overall mean frequency (%) 32.1 27.5 21.9 4.0 7.9 6.6 


‘The relative frequency of each pathogen was calculated as the percentages of the total number of isolates of all pathogen isolated in each 
year. ?Fo, F. oxysporum, Fs, F. solani; Rb, R. bataticola; Rs, R. solani; Sr, S. rolfsii. 
Source: Authors 


Pathogenicity tests indicated that all fungal species plants showed stunted growth and yellowing leaves. The 
recovered from infected groundnut plants were able to root lesion on infected groundnut plants varied from light 
causing root rots on groundnut var. Oldhale. Inoculated brown to black discoloration, and rotted root tissues were 
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Figure 2. Cultural and morphological characteristics of pathogens associated with groundnut root rot complex in 
eastern Ethiopia. A. Fungal colonies emerged from infected root pieces on PDA; B1. F. oxysporum on PDA 
media (upper side), B2. F. oxysporum on PDA (bottom side), B3. F. oxysporum micro- and-macroconidia on 
CLA media; C1. F. solani on PDA (upper), C2. F. solani (bottom), C3. F. solani micro- and- macroconidia on 
CLA; D1. FR. bataticola on PDA (upper), D2. R. bataticola on PDA (bottom), D3. R. bataticola sclerotia and 
conidia; E1. S. ro/fsiion PDA (upper), E2. S. rolfsii on PDA (bottom), E3. Branched hypha of S. rolfsii. F1. R. 
solani on PDA (upper), F2. R. solanion PDA (bottom), F3. R. solani hypha branched at almost right angle with a 
narrow restriction close to the branch area. 

Source: Authors 


visually evident (Figure 3). In contrast, non-inoculated fungal pathogen and among the five fungal pathogens 
control groundnut plants were free from any visible tested (Figure 4). Variations in disease severity among 
disease symptoms. Significant variations (P < 0.0001) in three isolates of each fungal pathogen were significant, 
disease severity were indicated among isolates of each except for S. rolfsii. Mean disease severity index (Sl) of 
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Figure 3. Root rot symptoms caused by F. oxysporum (A), F. solani (B), R. bataticola (C), S. rolfsii (D), R. solani 


(E) and non-inoculated control plants (F). 
Source: Authors 
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Figure 4. Mean root rot severity percentage of groundnut var. Oldhale caused by isolates of five fungal pathogens recovered from 
diseased plant samples collected during survey periods in eastern Ethiopia during the 2014 and 2015 main cropping seasons. Each bar 
represents mean severity index calculated 60 days after planting.'Same small letters on the bars show no significant variation (P > 0.05) 
in severity index among different isolates of each fungal pathogen. “Same capital letters on the bars show no significant difference (P > 
0.05) in mean severity index among different pathogens tested. 

Source: Authors 
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the five fungal pathogens differed from 21.1 to 53.7%. oxysporum (33.7%), while R. solani (27.0%) and S. rolfisii 
Among these five fungal pathogens, F. solani (mean of (21.1%) were less virulent (Figure 4). All inoculated 
53.7%) was the most virulent in causing root rot on fungal pathogens were reisolated on artificial media, 
groundnut, followed by A. bataticola (46.7%) and F. completing Koch’s postulates. 
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Figure 5. Effects of pathogen interactions on the severity of groundnut root rot under greenhouse conditions. 
‘Disease severity was recorded 60 days after planting. Fo, F. oxysporum; Fs, F. solani; Rb, R. bataticola. *Different 
letters on the bars show significant variation (P < 0.05) in percent severity index among pathogen treatments. 


Source: Authors 


Interactive effect of pathogens 


The effect of F. solani, F. oxysporum and R. bataticola 
singly and in combination on groundnut was studied in 
artificially-infested soil under greenhouse conditions. Test 
for homogeneity of variance for the two trials was not 
significant (P = 0.9723), thus disease data of the two 
repeat trials were combined for analyses. Results 
indicated that disease severity highly and significantly (P 
< 0.0001) varied with the pathogen treatments. Each 
pathogen alone caused significantly greater disease 
severity than the non-inoculated treatment. Root rot was 
more severe in soil infested with Fs+Rb (SI = 63.3%), 
Fs+Fo (55.6%), and Fo+Rb (52.2%) than either alone, 
but the combination of the three pathogens induced the 
greatest (76.7%) disease severity (Figure 5). This 
suggests that a synergistic relationship exists among 
these pathogens. During the reisolation of pathogens 
from infected groundnut roots, we often found that more 
than one pathogen was isolated at the same time on 
artificial media. This indicated that pathogens can share 
the same niche although the isolation rate was low for RP. 
bataticola. 


DISCUSSION 


Groundnut root rot complex was found to be widespread 


in eastern Ethiopia although there was _ noticeable 
variation in disease intensity among the four districts 
(Babile, Darolebu, Fedis and Gursum) surveyed. The 
highest mean disease prevalence and incidence were 
recorded in Babile district, while the lowest was _ in 
Darolebu; incidence in Babile was greater by 8 to 29% 
than in other districts. This variation might be due to one 
or more of the following factors, including soil types, soil 
moisture content, inoculum density of the pathogens, 
other grower agricultural practices, and_ interaction 
between the host and pathogens (Tu, 1994; Palacios et 
al., 2014; Achuoth, 2018). Babile district relatively 
received the lowest rainfall and had high day 
temperatures during the survey seasons (Table 1), and 
these climatic conditions might be more conducive 
factors for disease development. Furthermore, most 
farmers in Babile had continuously grown groundnut year 
after year on the same field for several years due to its 
high market value as a cash crop and their land shortage. 

This practice continues cultivation of groundnut on the 
same pieces of farm land may contribute to build-up of 
high fungal population in the soil, with the consequent 
increase in pathogen infection and disease development 
(Janila and Mula, 2015; Achuoth, 2018). 

The survey data indicated that prevalence and 
incidence of groundnut root rot complex varied between 
cropping seasons, and greater disease prevalence and 
incidence were recorded during the 2015 cropping season 


than in 2014. In 2015, the seasonal rainfall was relatively 
low and erratic and had high day temperatures than in 
2014 (Table 1). High temperature and low soil moisture 
might create an environment very favorable to the 
pathogens and their damage to groundnut. Root rot 
complex pathogens induce severe damage on groundnut 
under different environmental stresses like high 
temperature and drought-conditions (Wong et al., 1984; 
Rajamohan and Balabaskar, 2016), where disease 
incidence reached 95% in a few groundnut fields (Rojo et 
al., 2007). The effect of high temperature and low soil 
moisture on the intensity of groundnut root rots might be, 
at least partly, due to direct effect linked to increased 
pathogenic actions of the pathogens and/or partially due 
to moisture -and heat linked stresses forced on the plant 
predisposing to the pathogens. Symptoms caused by 
Fusarium spp. and R. bataticola are commonly observed 
during such conditions (Rajamohan and Balabaskar, 
2016; Esmaeili-Taheri et al., 2017). 

Among the pathogens in the groundnut root rot 
complex, F. oxysporum was found to be the most 
frequently isolated fungus in all four districts surveyed in 
eastern Ethiopia, followed by F. solani and R. bataticola 
(synonym = M. phaseolina). The current results consistent 
with the previous findings on the main groundnut root rot 
pathogens reported in Egypt (Atta-Alla et al., 2004), India 
(Rajamohan and Balabaskar, 2012), Pakistan (Zaman 
and Ahmed, 2012) and China (Li et al., 2014). The 
present results also in agreement with findings of 
Tarekegn et al. (2007), who previously isolated Fusarium 
spp. frequently from diseased groundnut roots in Babile 
district, part of which was covered in this survey. The 
findings, however, are in contrast with other previous 
findings in which A. solani appear to be the main 
groundnut root rot pathogen (Fath-ELBabe et al., 2017). 
Low isolation frequency of this pathogen in the present 
studies indicated its minor importance in eastern Ethiopia, 
and the prevailing dry conditions might be unfavorable for 
pathogen development. AR. solani is favored by high moist 
condition, and is the predominant pathogen affecting 
groundnut in seasons of high rainfall (Porch et al., 2014). 

The pathogenicity tests in the present study indicated 
that F. solani and R. bataticola were the most virulent and 
caused the most severe damage on groundnut among 
the fungi isolated from symptomatic groundnut roots, 
which are similar to findings reported by Elwakil and El- 
Metwally (2001), and Mahmoud (2015). 

The F. oxysporum was the most common fungus 
recovered from diseased groundnut plants in current 
study. This fungus is omnipresent and considered to be 
associated mainly with wilt of several legume crops 
(Chopada et al., 2015; Ayele et al., 2021). However, 
reports from China indicated that F. oxysporum is a 
causal agent of groundnut root rots together with other 
fungal species (Li et al., 2014). In contrast, Sanogo and 
Puppala (2012) reported that F. oxysporum was either 
weakly pathogenic or a non-pathogenic species frequently 
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isolated from groundnut roots; however, a previous study 
in Egypt (Atta-Alla et al., 2004) and the present study 
demonstrated that F. oxysporum is not only a prevalent 
fungal species, but also a pathogenic species causing 
severe root rot of groundnut. Groundnut plants inoculated 
with this fungus in the present study did not displayed 
disease symptoms that could be characterized as 
Fusarium wilts (Ayele et al., 2021). F. oxysporum enters 
its host crops through the roots, and causes either root 
rot or wilts when attacking plant vascular systems (Fravel 
et al., 2003; Farahani-Kofoet et al., 2020). 

The pathogens interaction of F. solani, F. oxysporum 
and RA. bataticola in causing a root rot complex of 
groundnut found to be synergistic, because disease 
severity was greater for groundnut plants in soil infested 
with the pathogen mixture than with either alone. Similar 
synergistic interactions have been reported for groundnut 
or other crops when infested by more than one pathogen 
(Frank, 1972; Willsey et al., 2018; Porto et al., 2019; 
Sumbul and Mahmood, 2020). Other studies demonstrate 
antagonism between A. solani and P. ultimum on bean 
(Pieczarka and Abawi, 1978), and F. oxysporum and R. 
solani on dry bean (de Jensen, 2000). Results of de 
Jensen (2000) showed that disease severity was reduced 
due to the occurrence of the two pathogens on the same 
plants; however, damage from the two pathogens 
enhanced when plant previously inoculated with one 
pathogen were consequently inoculated with other 
pathogen. The current study, however, demonstrated that 
simultaneous inoculation of F. solani, F. oxysporum, and 
R. bataticola resulted in the greatest root rot severity on 
groundnut; but not such antagonisms among the three 
tested fungal species were evident. This may partially be 
because all three fungal species in the current study were 
all together inoculated on groundnut plants; but more 
possible is a consequence of the fact that all three fungal 
species are present all together in soil (Porto et al., 
2019), where fungal pathogens could resulted in 
enchased root rot severity when found together as a 
complex (Willsey et al., 2018; Fang et al., 2021). 


Conclusion 


Groundnut root rot complex was found to be widespread 
in East and West Haraghe zones, eastern Ethiopia, and 
prevalence and incidence of the disease varied among 
districts and between the two cropping seasons. The 
highest mean prevalence and incidence were recorded in 
the Babile district, followed by Gursum and Fedis. F. 
oxysporum was the most frequently isolated pathogen 
from diseased groundnut roots, followed by F. solani, and 
R. bataticola. During pathogenicity studies, these three 
pathogens also caused the most severe root rot on 
groundnut plants. Furthermore, the three pathogens 
combined treatment resulted in enhanced disease 
severity. The three pathogens are, therefore, the major 
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causal agents of groundnut root rots in eastern Ethiopia. 
Further studies should be conducted in other groundnut 
growing areas of Ethiopia to get a clear picture of root rot 
etiology in Ethiopia. Furthermore, appropriate root rot 
management strategies, such as crop rotations, tillage 
practices, cultivar resistance, seed treatment, biological 
control methods and integrations, for the study area 
should be established. 
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